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SYSTEMS AND METHODS FOR MUSICAL
SONIFICATION AND VISUALIZATION OF
DATA

CROSS-REFERENCE TO RELATED
APPLICATION

The present application claims priority to U.S. Provisional
Application No. 61/932,018, entitled “A Mechanism for Rep-
resenting Data in the Form of Sound and Graphics” filed on
Jan. 27, 2014, the disclosure of which is incorporated by
reference in its entirety.

TECHNICAL FIELD

The current disclosure is directed to data presentation, and
in particular, to methods and systems for musical sonification
and visualization of multi-dimensional, complex data sets.

BACKGROUND

Computers with visual displays are commonly used to
process and/or monitor complex numerical data sets and to
produce graphs from live data feeds in real-time. However,
visual displays are often overused in complex, data-intensive
situations, and might fail to discover hidden patterns in such
situations. For example, in financial industry, a trader must
constantly view multiple screens displaying multiple difter-
ent graphical representations of real-time market data for
different markets.

Human ears provide a very good alternative and supple-
mentation to the visual way of reception information for
visualization and understanding complex data sets. Data soni-
fication can effectively display large and multi-dimensional
data sets which can help in uncovering otherwise hidden
correlations and patterns. It can also be used in presentations
to an audience so that they can quickly understand the impli-
cations of patterns in data they are introduced to for the first
time. It can also provide way of presenting data that is more
entertaining than just showing the data graphically.

Accordingly, there is a need for a sonification system, in
particular, a musical sonification system that complements
visualization and provides users with alternative and addi-
tional ways of identifying and extracting physical signatures
represented in the data. In particular, there is a need for a
musical sonification and visualization system and method
that is capable of improving visual perception when accom-
panied by audio signals and data exploration of large multi-
dimensional data sets.

SUMMARY

In a first aspect of the disclosure, a method for musical
sonification and visualization of data is described, the method
comprising: receiving grouping rules; receiving mapping
parameters; receiving at least one set of data comprising data
rows, each of said data rows comprising a plurality of data
entries; grouping the data rows into a plurality of groups
according to the grouping rules; mapping the grouped data
rows to audible symbols and graphical symbols according to
the mapping parameters, such that each group of the plurality
of groups has a corresponding one of the audible symbols and
a corresponding one of the graphical symbols; rendering the
audible symbols to an audio output; and rendering the graphi-
cal symbols to a visual output.

In a second aspect of the disclosure, a musical sonification
and visualization system is described, comprising: one or
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more processors; one or more data-storage devices; and com-
puter instructions stored in one or more of the one or more
data-storage devices that when executed by one or more ofthe
one or more processors, control the musical sonification and
visualization system to receive grouping rules; receive map-
ping parameters; receive at least one set of data comprising
data rows, each of said data rows comprising a plurality of
data entries; group the data rows into a plurality of groups
according to the grouping rules; map the grouped data rows to
audible symbols and graphical symbols according to the map-
ping parameters, such that each group of the plurality of
groups has a corresponding one of the audible symbols and a
corresponding one of the graphical symbols; render the
audible symbols to an audio output; and render the graphical
symbols to a visual output.

The details of one or more embodiments of the disclosure
are set forth in the accompanying drawings and the descrip-
tion below. Other features, objects, and advantages will be
apparent from the description and drawings, and from the
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an exemplary embodiment of a computer system
for implementing the embodiments of the present disclosure.

FIG. 2 shows a functional block diagram of one embodi-
ment of the system and method for sonification and visual-
ization of a data stream.

FIGS. 3A-3E show various displays of a graphic user inter-
face of the sonification and visualization system.

FIG. 4 provides a control-flow diagram that represents one
implementation of the sonification and visualization system.

DETAILED DESCRIPTION

The current document is directed to systems and methods
for producing musical and graphic renderings of sets of data
by mapping the data to both sound to be played and symbols
to be displayed at x, y coordinates, and playing back the
rendered sound to a user while displaying the symbols on a
graph. In a first subsection, computer architecture is intro-
duced. In a second subsection, a system and method for
musical sonification and visualization of a data stream is
described. In a third subsection, one embodiment of data
sonification and visualization in graphical user interface is
provided.

DEFINITIONS

As used herein, the following definitions apply when refer-
ring to data:

Data set: the total data undergoing sonification

Column: a division of the data set that represents a certain

category of data (example: time, actions, bid, price and
sid); also known as a “field”

Entry: a value in the data set

Row: a list of related entries corresponding to values for

each column

Group: a data series consisting of a subset of rows from the

data set (groups can be overlapping: arow canbe in more
than one group). A group can be thought of as a data
series.

As used herein, the term “output modeling” refers to con-
figuring either the audio or graphical output based on rules
applied to an entry to be output to a user. For audio output, this
can refer to, for example, pitch, instrument type, volume, or
sound duration. For graphical output, this can refer to, for
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example, color, size, tint, shape, or added graphical effects,
such as shadows, halos, or outlines, of the graphical symbols
used to show where each data point is located on the x, y
coordinate system.

Computer Architecture

FIG. 1 is an exemplary embodiment of a target hardware
(100) (e.g., a computer system) for implementing the embodi-
ments of the present disclosure. This target hardware com-
prises a processor (105), a memory bank (110), a local inter-
face bus (125) and one or more Input/Output devices (130).
The processor can execute one or more instructions related to
the implementation of the current disclosure, and as provided
by the Operating System (115) based on some executable
program (120) stored in the memory (110). These instructions
are carried to the processor (105) via the local interface (125)
and as dictated by some data interface protocol specific to the
local interface and the processor (105). It should be noted that
the local interface (125) is a symbolic representation of sev-
eral elements such as controllers, buffers (caches), drivers,
repeaters and receivers that are generally directed at provid-
ing address, control, and/or data connections between mul-
tiple elements of a processor based system. In some embodi-
ments the processor (105) can be fitted with some local
memory (cache) where it can store some of the instructions to
be performed for some added execution speed. Execution of
the instructions by the processor can require usage of some
input/output device (130), such as inputting data from a file
stored on a hard disk, inputting commands from a keyboard,
inputting data and/or commands from a touchscreen, output-
ting data to a display, or outputting data to a USB flash drive.
In some embodiments, the operating system (115) facilitates
these tasks by being the central element to gathering the
various data and instructions required for the execution of the
program and provide these to the microprocessor. In some
embodiments the operating system is missing, and all the
tasks are under direct control of the processor (105), although
the basic architecture of the target hardware device (100) will
remain the same as depicted in FIG. 1. In some embodiments
a plurality of processors can be used in a parallel configura-
tion for added execution speed. In such a case, the executable
program can be specifically tailored to a parallel execution.
Also, in some embodiments the processor (105) can execute
part ofthe implementation of FIG. 1 et al., and some other part
can be implemented using dedicated hardware/firmware
placed at an Input/Output location accessible by the target
hardware (100) via local interface (125). The target hardware
(100) can include a plurality of executable programs (120),
wherein each can run independently or in combination with
one another.

A System and Method for Sonification and Visualization of
Multi-Dimensional Data

The currently disclosed sonification and visualization sys-
tem provides a mechanism for representing multi-dimen-
sional, complex data sets in the forms of sound and graphics.
In particular, the sonification system supports auditory map-
ping of data to sound in a musical way.

The term sonification is commonly referred to as the use of
non-speech audio to convey information. More specifically,
sonification is the transformation of data relations into per-
ceived relations in an acoustic signal for the purposes of
facilitating data interpretation or communication. Musical
sonification is a type of sonification that maps data to sound in
a musical way. For example, complex data sets can be con-
verted to one or more instrument types of sound, such as to
create orchestra music pieces. Properly configured, the right
set of data can even be represented as a familiar tune or
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refrain. The data could also be presented in way that empha-
sizes the pattern and impact of the underlying processes that
produced the data.

FIG. 2 shows a functional block diagram of one embodi-
ment of the system and method for sonification and visual-
ization of a data stream.

Data Stream

In general, the system 203 receives a data stream from a
data source 201, typically over a network 202, and passes data
input values from the data stream to a server module 210. The
data stream can support one or more private and/or public data
source 201, including real-time data series. Undefined data
sources 201 can also be supported by providing user-gener-
ated data input in formats acceptable to the system 203.

The presently disclosed system and method for musical
sonification of data are not restricted to a particular type of
data, but are generally applicable to a wide variety of different
types of data.

In some embodiments, the data stream support data in the
financial trading industry. For example, the data stream can
include industry-standard market data feeds from leading
providers of equity securities or other financial data.

Other types of data that can be musically sonified include,
but are not limited to, scientific data, traffic data, security data,
and weather data. Any data that can be represented on an x-y
graph can be musically sonified.

In some embodiments, the outflow from the execution of
data acquisition of the streamed data is a description of one or
more specific data inputs in a table format. The functionality
provided by the current version of the system accepts the
input data in CSV (comma-separated values) format, but such
functionality can be extended to accept TSVs (tab-separated
values) or other flat file format as well.

Server Module

The server module 201 maps data points to MIDI notes
based on user specified rules. The user specified rules can be
saved in one or more configuration data file 205, which can be
created and edited manually or using a graphic user interface
(GUI). The configuration data file 205 generally includes
information related to the data being converted, such as fil-
tering rules, user-defined thresholds, data ranges, as well as
sound parameters that correspond to sound characteristics,
including instrument type, pitch, volume, time duration and
other effects. The configuration data also include information
related to the graphic rendering of the data, including plotting
properties such as data ranges for the x and y axis and colors
and shapes of the symbols representing the data points. By
specifying the parameters stored in the configuration data
205, the user can establish appropriate musical and graphic
rendering of the data by setting individualized preferences.

The sonification system 203 can filter the incoming data
according to a set of user-defined rules. Such a filtering fea-
ture can be used to play only a particular subset of the input
data, referred to as a “group.” The system 203 can also change
the output modelling of a given group to differentiate that
group from the rest of the data set. The sonification, therefore,
can be used to highlight certain actions over others. For
example, in the financial industry, the filtering feature can be
used to highlight bids placed by a particular person or that
occurred during a certain time range (for example, at the end
of a day) by altering the audio and/or graphical output for
data, related to that particular person or time range, to be sent
to the display output 240 and/or the sound output 250 respec-
tively. Since groups can be overlapping, a single data point
can be represented by multiple sounds being played at the
same time. For example, a particular bid submitted by a
particular source might produce one sound representing that
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the entry is a “bid” and another sound representing the source
of'thatbid. As another example, when multiple groups “bids”,
“asks” and “offers” are defined and used, in which group
“offers” contains entries from groups “bids” and “asks”, the
entries contained in group “offers” can produce a series of
sounds of one instrument, such as piano notes, while entries
contained in groups “bids” and “asks” may produce sounds of
other instruments such as, drum and bell, respectively, at flat
pitch. Likewise, for the visualization of the data, the groups
can be used to differentiate the graphical output modelling for
each group. Grouping can also be used to represent particular
types of events that together carry information. For example,
achord can result when a system of markets equilibrate or are
near a simultaneous equilibrium.

The server module 210 can also encapsulate commands in
the MIDI data series for graphing and other functions. The
server module 210 maps each data point to a corresponding x,
y coordinate according to the x- and y-axis specified in the
configuration data file 205. For example, the x coordinate
(horizontal) might correspond to values in the “time” field,
and the y coordinate (vertical) might represent values in the
“ask”, “bid”, “close”, etc. groups depending on what the
“action” entry for a given row indicates. For each data point,
an additional message is also encoded into the MIDI stream
with the x, y coordinate to be plotted on the graph using
graphical symbols (e.g., squares, circles, triangles), along
with the group names shown in relation to their corresponding
graphical symbol. The user is able to save the configuration of
the application program, which includes the sound and visual
characteristics, as well as different data groups. Therefore,
when the user imports the newly generated CSV into the
program, the program state is reloaded and any further param-
eterization can be carried out as needed.

The server module can pass the generated MIDI data series
to the sound module 220 for further processing and creates an
event listener 230 process to respond to callback event when
midi notes are played by midi sequencer.

The server functions can provide controls for MIDI
sequencer playback through the sound module 220.

The server module can save playback profiles in local files
so that the profiles can be played back for repeated operations.
Sound Module

The sound module 220 sonifies the mapped data to produce
an audio signal for the sound output 250. The sound module
220 includes functions that synthesize and play the mapped
musical notes using, for example, the Java Sound library.
Some embodiments of the sound module 220 use a MIDI
sound module 220 or a MIDI synthesizer to generate the
audio output signal or play music in response to the generated
MIDI data. Although some embodiments of the current dis-
closure are implemented using the Java programming lan-
guage, many other conventional computer programming lan-
guages can be used, including C++. The sonification scheme
can be implemented in any programming language that can
appeal to the use of a sound library.

In some embodiments, to generate sound sequences, the
program starts up the MIDI system, which provides a sound-
bank and synthesizer to produce the instrumental sounds.
Other types of sound synthesis software can also be used. For
example, when a user presses “play” from a dropdown menu,
each data group is buffered in a separate track by its own
thread. If an entry in the input data matches a particular group,
then a MIDI event is created for such a data entry by adding
a NOTE_ON message, and then shortly thereafter a
NOTE_OFF message, to the track. The NOTE_ON message
indicates when the note should start to play and the
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NOTE_OFF message indicates when the note should stop
playing during playback of the sonification.

In addition, the sound module 220 also generates one or
more events for the event listener 230 module to receive and
respond. The event data generated for the event listener 230
include the series name and the x, y coordinates, which are
used for updating the visualization. Commands can be encap-
sulated to control the playback and/or the graphical output
during a presenter mode. For example, a presenter can sched-
ule an event that causes the playback to pause at a particular
time during the course of the animation. Such a feature would
allow the presenter to summarize recent events without
manual intervention with the program. As another example, a
tempo factor can be scheduled to increase after a certain point
during the animation. Likewise, the graphical output can be
manipulated by generated events as well, such as displaying
trendlines, captions, or shapes that overlay on the chart view.
The generated events can also be saved as part of the configu-
ration data.

Event Listener Module

The program also sets up an event listener 230 module to
catch messages encoded in the MIDI stream. In response to
the input event data passed from the sound module 220, the
event listener 230 plots graphs for the display output 240
based on the x, y coordinates using, for example, the Jav-
aFX™ library. Alternatively, other graphics and media pack-
ages can also be used. The event listener 230 also performs
other functions that can be commanded in the event data.
Data Sonification and Visualization in Graphical User Inter-
face

A user can initialize the application program by loading
one or more pre-existing configuration data files 205 into the
program. The pre-existing configuration files 205 can be
saved in XML format or other appropriate formats acceptable
by the application program. Alternatively, the user can load a
CSYV file containing a set of sample data and use the GUI to
configure the parameterization settings.

To load a sample CSV file, a user can choose the file by
opening a dialog window from the drop-down menu. For
example, a file with a “csv” extension can be selected from the
dialog-window shown in FIG. 3A. The main content of a raw
input data file, such as the data040524sound2.csv file selected
in FIG. 3A, includes a number of rows and columns. A row is
equivalent to a data record containing fields, with the value of
each field corresponding to value stored in each cell of the
table. The left section of FIG. 3B illustrates the main content
of'the CSV file after being read into the application system. A
data record shown in FIG. 3B contains five columns corre-
sponding to five different fields: time, action, BID, price, and
SID. BID and SID represent the identification numbers of
buyers and sellers, respectively. For example, the values “7”
and “10” in the SID column represent two different sellers
and the values “7” and “10” in the BID column represent two
different buyers. The value “~1” in both the BID and SID
columns represents an accounting action by the market track-
ing system.

The raw input data file data040524sound2.csv can begin
with a mapping section that includes mappings specified as
having equality to a particular value for one or more fields,
each to a unique group. In the example shown below, the
mapping is specified for the action field. The mapping shown
below reflects the correspondence between the values in the
action field and the different groups named “bids”, “asks”,
“take-bids”, and “take-asks”. Within the data set, the action
field indicates which group or groups the given row is placed
in for filtering and output modeling purposes. For example,
when the action field contains the value “1”, the row contain-
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ing the value 1 in the action field is placed in the “bids” group.
Similarly, when the action field contains the value “3”, the
corresponding row is placed in the “take-bids” group. If the
same value for the action field is filtered on by multiple
groups, then those rows may be placed into multiple groups,
and are therefore subject to multiple filtering/output rules.
The beginning of the data set can include the definitions of the
various “action” values, as shown in an example below.
@action 1: bid

@action 2: ask

@action 3: take-bid

@action 4: take-ask

The application program parses these mappings to auto-
generate a filter, referred to as a data group, which can be used
to play only a particular subset of the input data. Using the
example shown above, four data groups named “bid”, “ask”,
“take-bid”, and “take-ask™ are generated, each group repre-
senting a set of rows that contain a specified value in the
action field. Therefore, each data group represents a subset of
the entire dataset contained in a data table. A data group is
defined in terms of a function that outputs true or false, based
on whether the data should be included or excluded from the
data group, respectively. The user can create a compound
groups by building up combinations of Boolean expressions,
using Boolean operators (AND, OR, NOT) and comparison
operators (>, <, =), over the different fields of the data set. For
example, a user can define a new group called “offers” that
corresponds to the Boolean logic “(action=1) OR (action=
2)”, where (action=1) corresponds to the “bids” group and
(action=2) corresponds to the “asks” group described above.
In this way, “offers” can be treated as a series that contains
both bids and asks, and can be played with its own set of
parameters (price-to-note mapping and graphical character-
istics). Therefore, a bid shared by the “bids” and “offers”
groups can be played under two different sets of parameters,
each corresponding to the price-to-note mapping and graphi-
cal characteristics defined for that group. Alternatively, a
group can be filtered down by using the value of another field.
For example, a user can create a new group named “large-
bids” by defining the Boolean logic “(action=1) AND
(price>500). The “large-bids” group corresponds to a subset
of'the “bids” group in which the price field of the entries has
a value greater than “500”.

Following the mapping section, the raw input data file
includes a header for the respective column names and types,
for example, integer <int>, floating-point <float>, or string
<str>. The exemplary header shown below indicates five col-
umns, each represented by an integer-type:

#<int>, <int>, <int>, <int>, <int>
time, action, bid, price, sid

On the right section of the display shown in FIG. 3B, the
user can select the “Domain” and “Codomain” from drop-
down menus, each corresponding to the x- and y-axis, respec-
tively. The dropdown menus for “Domain” and “Codomain”
contain a list of column names for the dataset shown in the
data table. In the example shown in FIG. 3B, “time” is
selected for the “Domain” axis and “price” for the
“Codomain” axis.

It should be noted that although the time evolution of one
dimension of data is used as one example, which can be
graphically represented as a line, the program can be
extended to include functionalities to support the representa-
tion of multiple dimensions of data. For example, a time
evolution of two dimensions of data can be graphically rep-
resented in a grid.

With respect to the graph properties, the user can customize
the look of a particular group by means of multiple dropdown
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selections provided in the program. For example, as shown in
FIG. 3C, the user can set the shape and color of the data
markers on the graph, as well as whether the points should be
connected by a line. Each data group can be parameterized
(audio output modeling) separately. For example, the user can
have the data point in the “bid” group colored as blue squares
with no connecting line and the data points in the “ask” group
colored as red circle and connected with a purple line. Users
can also generate trendlines by inputting endpoint coordi-
nates relative to the x and y scale and the range of the dataset.
The program then displays the trendlines when the range is in
scope of the current visible window.

With respect to the sound properties, the user can custom-
ize the sound of a particular group by means of multiple
dropdown selections. For example, as shown in FIG. 3D, the
user can set the instrument, volume, and duration of the notes
for each group.

The instrument types include, but are not limited to, acous-
tic instruments such as piano, harp, violin, banjo, saxophone,
as well as synthesized sound types such as “applause”. Dif-
ferent sound types can be selected to distinguish between
different data streams (groups) so that certain types of data
(different groups) are associated with certain types of sound,
thereby allowing the recognition of multiple types of data at
the same time. Each type of sound (instrument) can be
referred to as an “audible symbol”.

In some embodiments, the volume column contains vol-
ume multipliers of the row datum. When played, the note
corresponding to this datum will be played <v> times louder
than the minimum volume, where <v> is the value in the cell.
The duration column contains duration multiplier of the row
datum. When played, the note corresponding to this datum
will be played <d> times longer than the minimum duration,
where <d> is the value in the cell.

In some embodiments, the volume column contains a par-
ticular volume within a range of a MIDI system. In the
example shown in FIG. 3D, the <v> is 64 corresponding to a
moderate volume “64” in the range of a MIDI system from 0
(the softest) to 127 (the loudest). The <d> value of 500 cor-
responds to a particular duration of time the note is held in
milliseconds (i.e. half a second).

The user can also define a parameterization function for the
y-axis values and specify the minimum and maximum data
values and the lowest and highest MIDI notes on the right
section of FIG. 3D. In this example, the lowest note indicates
the note to play for the lowest value; the highest note indicates
the note to play for the highest value; the lowest value indi-
cates the minimum threshold of a datum’s y-value (i.e. value
on the “Codomain” axis) to be played; and the highest value
indicates the maximum threshold of a datum’s y-value to be
played. The exclusion of data above and/or below certain
threshold values allows the program to filter out outlier data in
the sonification, while still allowing the outliers to be visual-
ized. The program also supports mute/solo options for difter-
ent data series, thereby allowing filtering of the data for the
audio output independently of the filtering of data for the
graphical output.

The program then takes these four values and constructs a
linear mapping of data value to MIDI note. To do so, the
program creates a bin (i.e. a range of data) for each MIDI note
that partitions the y-axis space. So when the function receives
a data value that falls in a particular bin, a MIDI note is
returned. By default, the program constructs a linear scaling
function for parameterization using these four values, but any
monotonic functions can be used. For example, a logarithmic
scaling can be selected as a parameterization function to yield
a larger pitch differential for smaller data values that are still
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close together, but a smaller pitch differential for larger data
values that are farther apart. In such a case, the size of the bin
increases exponentially as the data values grow. Each data
group can be parameterized separately so that it is possible to
specify different ranges of notes or different ranges of values
or even different scaling functions for different groups. Such
features enable the user to highlight different sections of the
data.

To generate a graphic and musical rendering of the input
data, the user selects the graph animation option from the
dropdown menus. A new window (FIG. 3E) then pops-up
with an animated graph (e.g., displaying the data on the graph
in a piece-wise fashion) showing data points being plotted, as
well as playing the audible symbols corresponding to those
data points as they are displayed (e.g., playing the sounds in
sync with the animation, so that when a data pointis displayed
on the graph, the corresponding sound plays). Different graph
animation can be created based on the user input and param-
eterization settings. The program can also support play/pause
options and can adjust the speed of playback.

Using the combination of audio and visual displays, new
patterns or phenomena that using a visual display alone might
miss can be identified. The musical sonification methods can
allow for improving perception bandwidth when accompa-
nied by audio signals and the possibility to monitor data while
looking at multiple screens or while looking away from the
visual display of the data.

One Embodiment of the Data Sonification and Visualization
System

FIG. 4 provides a control-flow diagram that represents one
implementation of the sonification and visualization system.
In step 402, to begin the sonification and visualization pro-
cess, the system is first initialized. Configuration data for
initialization can be previously stored in a configuration file
and loaded directly into the system. Alternatively, the con-
figuration data can be edited or further modified manually or
using the GUI as described above. In step 404, the system
receives a real-time data stream from a data source and passes
data input values from the data stream to the server module for
mapping. In step 406, the input data values are grouped
according to the rules specified in the configuration data. The
grouped data is then mapped by the server module to MIDI
notes for generating audio signal. The server module also
encodes, within the MIDI data stream, the series name and the
X, y coordinates for plotting by the event listener. Other opera-
tions, such as pausing the playback, can also be represented in
the MIDI data stream and executed by the event listener. In
step 408, the musical notes generated in step 406 are played
back by the sound module. The sound module also decodes
the event data for the event listener to execute. In step 410, the
X, y coordinates are plotted on a graph and encapsulated
commands are executed by the event listener. This example is
for a two-dimensional plot (X, y), but further dimensions
could be represented graphically by changing the markers for
the plotted points on the graph: for example, by changing the
size, color, opacity, or tint of the symbol marker on the x, y
graph.

Although the present disclosure has been described in
terms of particular embodiments, it is not intended that the
disclosure be limited to these embodiments. Modifications
within the spirit of the disclosure will be apparent to those
skilled in the art. For example, various embodiments dis-
closed in the current document can be adapted for use with
any computer based display, including personal computers,
distributed computing systems, programmable consumer
electronics, tablet displays, smart phone displays, and so on.
Any of many different embodiments of the musical sonifica-
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tion and visualization system and method can be obtained by
varying any of many different implementation parameters,
including programming language, underlying operating sys-
tem, data structures, control structures, modular organization,
and other such parameters. The foregoing descriptions of
specific implementations of the present disclosure are pre-
sented for purposes of illustration and description.

It is appreciated that the previous description of the dis-
closed implementations is provided to enable any person
skilled in the art to make or use the present disclosure. Various
modifications to these implementations will be readily appar-
ent to those skilled in the art, and the generic principles
defined herein can be applied to other implementations with-
out departing from the spirit or scope of the disclosure. Thus,
the present disclosure is not intended to be limited to the
implementations shown herein but is to be accorded the wid-
est scope consistent with the principles and novel features
disclosed herein.

What is claimed is:

1. A method for musical sonification and visualization of
data, the method comprising:

receiving grouping rules;

receiving mapping parameters;

receiving at least one set of data comprising data rows, each

of said data rows comprising a plurality of data entries;
grouping the data rows into a plurality of groups according
to the grouping rules;

mapping the grouped data rows to audible symbols and

graphical symbols according to the mapping param-
eters, such that each group of the plurality of groups has
a corresponding one of the audible symbols and a cor-
responding one of the graphical symbols;

rendering the audible symbols to an audio output; and

rendering the graphical symbols to a visual output.

2. The method of claim 1, wherein the audible symbols
comprise sound of a recorded or simulated instrument.

3. The method of claim 1, wherein the audible symbols
comprise synthesized tones.

4. The method of claim 1, wherein the mapping further
comprises determining coordinates of the graphical symbols
and the rendering further comprises rendering the coordinates
to the visual output.

5. The method of claim 1, further comprising filtering the
audible symbols such that there is at least one rendered
graphical symbol that does not have a corresponding rendered
audible symbol.

6. The method of claim 1, wherein the rendering occurs as
the at least one data set is being received.

7. The method of claim 1, wherein the mapping of the
audible symbols is linear.

8. The method of claim 1, wherein the mapping of the
audible symbols is non-linear.

9. The method of claim 8, wherein the mapping of the
audible symbols is logarithmic.

10. The method of claim 1, further comprising:

displaying the visual output; and

playing the audio output.

11. The method of claim 10, wherein the displaying com-
prises displaying the visual output as an animation, and
wherein the playing comprises playing the audio output in
sync with the visual output.

12. The method of claim 11, further comprising:

receiving display rate data from a user;

adjusting a speed of the displaying and playing based on

the display rate data.

13. The method of claim 1, wherein the mapping further
comprises encapsulated commands corresponding to the
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graphical symbols and the rendering the graphical symbols is
based in part on the encapsulated commands.
14. The method of claim 1, wherein the grouping includes
placing at least one data row in more than one group.
15. A non-transitory computer readable medium coded 5
with data that performs the method of claim 1 when operated
on a computer.
16. A device comprising a processor performing, when in
operation, the method of claim 1.
17. A musical sonification and visualization system com- 10
prising:
one Or more processors;
one or more data-storage devices; and
computer instructions stored in one or more of the one or
more data-storage devices that when executed by one or 15
more of the one or more processors, control the musical
sonification and visualization system to
receive grouping rules;
receive mapping parameters;
receive at least one set of data comprising data rows, 20
each of said data rows comprising a plurality of data
entries;
group the data rows into a plurality of groups according
to the grouping rules;
map the grouped data rows to audible symbols and 25
graphical symbols according to the mapping param-
eters, such that each group of the plurality of groups
has a corresponding one of the audible symbols and a
corresponding one of the graphical symbols;
render the audible symbols to an audio output; and 30
render the graphical symbols to a visual output.
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